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Understanding how plant architecture is controlled is not only important from a developmental point of view,
but it also has direct consequence for agriculture. Reporting in this issue of Developmental Cell, Sun et al.
(2015) unravel a cascade from Brassinosteroids to a poorly understood U-type cyclin in rice leaf erectness.Figure 1. Sclerenchyma Cell Proliferation Controls Leaf Angle
Increase of abaxial sclerenchyma cell proliferation in rice lamina joints causes a smaller leaf angle with
respect to the stem.‘‘He who makes it possible for two stalks
to grow where there was previously only
one is greater than the greatest emperor.’’
This statement, attributed to the Prussian
king Frederick the Second in themiddle of
the 18th century, highlights the fact that
agricultural productivity is strongly influ-
enced by the density of growing crops.
Today, increasing productivity is more
crucial than ever, with a global rice de-
mand estimated to rise by 26% from 676
million tons in 2010 to 852 million tons in
2035 (Khush, 2013).
Of key importance for high-density
planting is plant architecture. The Green
Revolution, which started in the 1960s,
more than doubledworld grain production
in the following 30 years due to improved
agronomic practices, such as expansion
of irrigation infrastructure, usage of syn-
thetic fertilizers and pesticides, and the
creation of genetically improved crop vari-
eties. It serves as an excellent example
for how changes in plant architecture can
lead to an increase in plant yield. Selecting
for semi-dwarf wheat and rice varieties—
which are shorter as well as sturdier, and
therefore more resistant to lodging (in
which the shoots of cereal plants bend
over due to adverse weather condi-
tions)—significantly contributed to this
increase. Subsequent genetic andmolec-
ular analysis revealed that those semi-
dwarf varieties are deficient in either syn-
thesis or perception of the phytohormone
Gibberellic Acid, now known to control
plant height (Hedden, 2003).
Another class of phytohormones that
moved into the focus of breeders andmo-
lecular geneticists as a potential target for
genetic modification are Brassinosteroids
(BRs). BRs are a class of plant-associated
polyhydroxy-steroids that are structurally
similar to animal steroid hormones (Hayat
and Aqil, 2011), which were initially ex-
tracted from rapeseed (Brassica napus)pollen about 75 years ago. BRs control a
wide range of developmental processes,
such as plant height, vascular develop-
ment, senescence, flowering, seed germi-
nation, and stress responses. Today, the
BR signaling pathway is one of the best-
understood signaling pathways in plants
(Yang et al., 2011), and genetic manipula-
tion of members of this pathway provides
an additional, complementary strategy to
improve grain yield by changing plant
architecture.Developmental CeOneprominent example of a plant archi-
tecture trait important to breeding in rice is
the trait leaf angle, which was known for
decades to be sensitive toBRs. Leaf angle
is controlled by the lamina joint, a circular
collar that connects leaf blade and leaf
sheath, which is wrapped around the
culm above the node (Figure 1). A BR-
deficient rice mutant—which exhibits
more-erect leaves, allowing for higher
planting densities—demonstrated yield-
increasing potential (Sakamoto et al.,ll 34, July 27, 2015 ª2015 Elsevier Inc. 131
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increase light capture for photosynthesis
and hence plant performance, high-
lighting how physiology and development
are connected. However, the underly-
ing cellular and molecular mechanisms
related to BR signaling in regulating leaf
erectness remained unclear until now.
In this issue of Developmental Cell, Sun
et al. (2015) report that leaf erectness is
dependent on the number of scleren-
chyma cells located in the abaxial (facing
away from the main axis of the stem)
part of the lamina joints (Figure 1). By pur-
suing a lamina joint-enriched microarray
analysis and following tissue-specific
expression analyses, the authors uncov-
ered a function of the U-type cyclin
CYCU4;1 in controlling the division of
abaxial sclerenchyma cells (Figure 1).
Flowering plants contain a vast number
of cyclins that usually bind and activate
their kinase partners (cyclin-dependent
kinases, CDKs). In the case of rice,
approximately 50 cyclins have been
grouped into nine classes (La et al.,
2006). While a regulatory network is
emerging for the core cyclins, i.e., A-, B-,
and D-type cyclins, in controlling progres-
sion through the cell cycle (Harashima
et al., 2013), the function of the remaining132 Developmental Cell 34, July 27, 2015 ª2cyclins, including U-type cyclins, is only
poorly understood.
Here, the authors found that U-type cy-
clins build an active complexwithCDKA, a
key regulator of DNA synthesis in Arabi-
dopsis (Nowack et al., 2012). Indeed,
the authors find that overexpression of
CYCU4;1 leads to increased proliferation
of sclerenchyma cells. Subsequent ge-
netic and biochemical experiments re-
vealed that the BR-activated transcription
factor BES1 binds to the CYCU4;1 pro-
moter directly to inhibit its expression.
In addition, the GSK3-like kinase BIN2,
which has been shown to be a negative
regulator in the BR signaling pathway,
interacts with and phosphorylates
CYCU4;1 to activate the CYCU4;1-CDKA
complex. These results support a key
role of CYCU4;1 in mediating BR-regu-
lated cell division to control leaf erectness.
250 years after Frederick the Second, it
is still one of the greatest challenges of hu-
mankind to increase the efficiency of land
use, not only to increase productivity but
also to protect the last reserves of biodi-
versity. By identifying CYCU4;1, Sun
et al. (2015) not only reveal a part of the
intricate molecular underpinnings of leaf
angle control in rice but also identify a
target that potentially allows for increased015 Elsevier Inc.land-use efficiency via its genetic modifi-
cation. This works also shows that we
are just at the beginning of understanding
how cell proliferation is controlled in
plants, especially at the interface between
development and physiology.REFERENCES
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Autophagy is involved indiversecellular functions throughdegradationof various intracellular constituents, and
hence must be tightly controlled. A recent study by Hu et al. (2015) in Nature Cell Biology adds a new layer of
autophagy regulation, involvingTorkinase-drivendegradationofmRNAsencodingautophagy-relatedproteins.Autophagy is a highly conserved degra-
dation system in eukaryotic cells (Nakato-
gawa et al., 2009; Yang and Klionsky,
2010). During autophagy, double-
membraned vesicles called autopha-
gosomes enclose various cytoplasmiccomponents, including proteins, ribo-
somes, and even whole organelles, and
deliver them to lysosomes or vacuoles,
which contain a wide array of hydrolases.
Autophagy can thus degrade a large
variety of cellular macromolecules andmacromolecular assemblies. Reflecting
its wide-ranging targets, autophagy plays
important roles in diverse cellular activ-
ities and is also involved in a number of
human diseases (Mizushima and Ko-
matsu, 2011; Schneider and Cuervo,
